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Strongly Correlated Materials o |.n-|

Oxides of Transition Metals Electrons are strongly interacting
(e.g. Cu, Mn, Ni, V...) ‘ * ‘ *
- > -
~eV

1) Unconventional Phenomena (e.g. Mott
Insulator, High-T, superconductivity,
Colossal Magnetoresistance, Metal-Insulator
transitions,....... )

2) Interesting phenomena and phase
transitions at high temperatures
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Ground States of Matter . .
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Exotic Ground States in Complex Solids ’_\\w
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Metal-Insulator transition in VO,: structure f]\u

T<340K Cell-doubled (monoclinic) insulator
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Metal-Insulator transition in VO,: electrons i\\kli

T<340K Singlets - Correlated Electrons - Insulator

p o V4+
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Pelerls Transition and Metal-Insulator
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Spin Pelerls Transition and Metal- Insulator,;‘,h] :
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Band Insulator or Mott Insulator? cecees?]

Band Insulator ?
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J.B. Goodenough Phys. Rev. 117, 1442 (1960); Wentzcowitch et al. Phys. Rev. Lett. 72, 3389 (1994)

Mott Insulator ?
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Zylbersztejn and N. Mott Phys. Rev. B 11, 4383 (1975)
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Photo-induced Insulator to Metal ’_\\m

De-localised O2p-V3d bands

Charge-ordered localised Singlets
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Photo-induced Phase Transition j\\]\u

3
3d//%®3®gg
Ef _____ _ . -u-r--l-m.—l' — 0.50 g
3d// 0000 hv > 0.7 eV E TO :_ R* T g
5 - 50% holes = A T | -
; 10.46

0. 180 hrmarontind

45-nm | 150-nm
RO VO
2 Si3zNy

0 1000 2000 3000
Delay (fs)

I | AW RENCE BEREELEY NATIONAL LABORATO R Y I



Mid-IR probing: Insulator to Metal . |.:.-‘
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Structural and electronic transition i :
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Band Insulator or Mott Insulator? cecees?]

Band Insulator ?

o.o. o.o. o.o. o.o. EA
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J.B. Goodenough Phys. Rev. 117, 1442 (1960); Wentzcowitch et al. Phys. Rev. Lett. 72, 3389 (1994)

Mott Insulator ?
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Low T Phase: Mott Insulator? o |.;-‘

Mott Insulator ?
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Mott Transition: Instantaneous encirs) .;-l
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Phase Transition Time: 75 fs

122 fs
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Phase Transition Time: 75 fs
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Reverse Pelerls Transition: 100 fs crriir) .;-l

Optical Excitation g oo !
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Impulsive excitation of Optical Phonons .. .
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Excitation of symmetry-breaking modes .o
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Excitation of symmetry-breaking modes .o
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Photo-doping into a CES
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Non-rigid Band Structure o .;-l

Correlated Electrons
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Non-rigid Band Structure S .;-‘

Correlated Electrons
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Electronic Structure: NEXAFS Spectrum
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Temperature driven transition —_— |.;;-‘
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NEXAFS: Beamline 5.3.1
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Synchrotron: 70 ps

Imaging +
VO, Grating CCD

—

V2p3/12 V2p12 O1s
0.0
3ds [
cle e I Y
0.0
=
== O1ls
0.00
T 510 520 530 540

Energy (eV)

I | s WRENMCE BEREKEELEY NAaATIONAL LABORATORY




Time-resolved NEXAFS: ps scale e
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Tunable femtosecond X-rays at the ALS r_\\w

wiggler

N mirror X-rays

femtosecond
rser puisa. electron bunch femtosecond x-rays
laser pulse
\ ................................................. > l

30 ps electron ‘
wiggler

electron-photon
interaction in wiggler

Zholents and Zolotorev, Phys. Rev. Lett., 76, 916,(1996).
Schoenlein et al., Science, 287, (2000)
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Transient Over Absorption o |.;-‘

Sliced Pulse: 100fs
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Technical Significance e |...‘

BERKELEY Lﬁ.

First femtosecond X-ray measurement with a fully tunable
synchrotron beamline at 500 eV
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Over Absorption: Hole photo-doping reccend) |.;-‘
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Insulator-to-metal Transition .
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Hole Photo-doping g

V 2p,, edge - dynamics in d bands
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Oxygen Edge: p bands ey rﬁ.‘

V 2p,,, edge - dynamics in d bands
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2-Photon Absorption ? A
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Photo-doping
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Valency Change ? o
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Dynamic Chemical Shift ? e

Photo-doping
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Future: high spectral resolution f\\]\”

Resolution (0.1 eV) Fs NEXAFS Spectroscopy
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Summary _

We study the photo-induced phase transition in VO,

We observe a structural bottleneck after photo-doping:
Indicative of a band insulator

Fs NEXAFS measures the dynamics of the d and = bands
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Summary _

We demonstrate the first femtosecond NEXAFS at 500 eV

Tunable femtosecond x-rays open new opportunities
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Nano-crystals: Surface Plasmons ceceed] |.;-‘
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Nano-crystals: Surface Plasmons reccend) |.n-|

Thermal response Thermal vs photo response
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Nano-crystals: High-T phase eeeerd] |‘“'\

®  Pholoinduced @ 200 fs
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M.Rini et al. submitted (2004)
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Time-integrated Experiments cizerh rﬁ.‘
..

Thermally-induced structural transitions are often
First-Order and hysteretical.
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Phase Separation e .
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Critical behavior e

Only at high pressures, i.e. above the critical point
the transition IS continous
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Critical behavior = rﬁ.‘

Only at high pressures, i.e. above the critical point
the transition IS continous
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